Number 12 


<= 
oe) 
On 
—_— 
ter 
vo 
ake 
aM 
= 
v 
1) 
v 
= 





O 


Lubricati: 























Variable Speed 
Transmissions 


Thin Oil Film Lubrication 












































PUBLISHED BY 


THE TEXAS COMPANY 


TEXACO PETROLEUM PRODUCTS 

















THE POWER FACTOR IN THE VARIABLE 
SPEED TRANSMISSION 


e* © e e@® @ @® Dias change has been a vital factor 
in the development of practically every industry wherein the transmission 
of power is involved. The evolution of mechanical means of production 
required speeds of varying intensity: speeds commensurate with the 
productive ability of the machinery employed; speeds so readily con- 
trollable as to promote the maximum of economy from the viewpoint of 


power consumption. 


There is a direct tie-up between speed and power. But of more 
pertinent interest is the relation between speed, power and friction, for 
power consumption and speeds developed are directly dependent upon 
the extent to which friction is maintained at a minimum. It is for this 
reason that the builders of power transmission and speed reduction 
equipment have studied the problem of lubrication from the angle of the 
scientist, and have developed their various lubricating systems to meet 


the requirements of practical engineering. 


The evidence of these accomplishments is portrayed by the various 
illustrations which accompany the following article on the ‘Lubrication 
of Variable Speed Transmissions.’ The proof of their practicability is 
borne out by the power bill in the average plant where they are installed. 
In effect, it is just another instance of good judgment in machine design 


coupled with an appreciation of the importance of effective lubrication. 
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Variable Speed Transmissions 


Lubrication of the 


important factor in power transmission. 

In realization of this, there has been a 
decided trend towards the development of the 
variable speed transmission for the purpose of 
improving power transmission economies in the 
operation of a wide variety of industrial 
machinery. The variable speed transmission 
enables speed control to a most accurate de- 
gree; it has eliminated the limitations of fixed 
speed reductions, and by its adaptability to 
centralized lubrication it has become a highly 
dependable and yet sensitive mechanism. The 
manner in which lubrication has been studied 
in connection with the design of such devices 
is of distinct interest. 

Speed control can be attained by oil hy- 
draulic power or by electro-mechanical means 
involving gears or belt connections and cone 
or V-shaped pulleys. Oil hydraulic systems 
were discussed in considerable detail in Lusri- 
cation, April, 19384. The lubrication require- 
ments of the mechanical type of transmission 
will be of equal interest. 

The mechanical type of variable speed trans- 
mission can be broadly divided into two groups, 
according to the manner in which speed con- 
trol is brought about. In the geared motor 
installation there is a definite set of selective 
gear ratios which can be readily changed to 


\LEXIBILITY in speed control is a most 


Mechanical Type 


afford a corresponding set of speeds at the 
driving end. The belt and V-type pulley 
transmission, in turn, provides for a more 
flexible variation in the speed of the driven 
member by change of the angle between the 
sides of the pulleys. This change in angle 
brings about a corresponding change in the 
operating diameters of the driving and driven 
pulleys. 

Both of the above types of transmission are 
distinctive for their low cost and their silent, 
efficient operation. 


GEARED MOTORS 


The geared motor has gained considerable 
popularity as a replacement unit in-service 
where a limited range of selective speed changes 
is applicable and where floor space and first 
cost is a factor. Where direct current is avail- 
able it is, of course, practicable to bring about 
speed change in the motor itself by suitable 
control of the fields, or, in other words, by 
change in resistance. With alternating cur- 
rent, however, mechanical means for speed 
change must be provided. The geared motor 
has lent itself admirably to such service. In 
particular it has enabled the use of higher speed 
motor design which is less costly than slow 
speed types of motors. In average service a 
speed range at the driven end of from ap- 
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proximately one-ninth to three times the speed 
of the motor armature is available. 

Speed change within the unit itself is attained 
by means of gearing meshing with a pinion 
mounted directly on the armature shaft) or 
connected thereto by a flexible coupling. 


All gears and pinions alloy 
steel, heat - treated, pre 
cision type, single helical 


Pinion mounted at end of 
heavy motor shaft and sup 
orted in oversize bearings 





Oil throw with right and 
left hand helices keeps 
oil in and dirt out 
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highly refined specially compounded grease of 
medium consistency will be suitable. It is very 
essential that such a lubricant be resistant to 
oxidation and breakdown, otherwise gum 
formation within the bearing elements may 
develop to increase the power consumption 
materially and perhaps ul- 
timately to cause bearing 
failure if actual sticking of 


Standard Round Frame 
Motor—minus end bell. 








Generous bearings and 
large shafts permit heavy 
overhung sprocket loads 





Sub-Assembly allows re- 
moval of gears, shafts and 
bearings without disturbing 
motor and reducer frame. / 








High-grade ball bearings 
conservatively loaded to 
insure trouble-free service 
for the life of the motor 


High speed oil retainer 
— quadruple seal, leek 
proof and vapor proof 


Reducer frame high 
quality gray iron 











Courte Sy of The Fall: or poration 

Fig. 1—Showing the Falk integral type Motoreducer. Note the adaptability of the ball and roller 
hearing to the gear and pinion shafts, and also to the main shaft of the driving motor. 
design of this unit, lubrication of both bearings and gears can be positively maintained with minimums 


possibility of leakage of oil or entry of contaminating foreign matter. 


Lubrication Depends on Design 

and Operation 

Where operation is practicable within the 
available range of speeds of the geared motor, 
there is present a most convincing argument in 
its favor by virtue of the protection afforded 
lubrication. The possibility of leakage of 
lubricants and, by the same premise, entry of 
contaminating foreign matter is 












cua the balls or races oceurs. 
Gear Lubrication 


The reduction gear set, 
however, is designed for oil 
lubrication, the oil being 
carried in the base of the 
gear case at a_ sufficient 
level to permit proper dip- 
ping of the lower gear, ac- 
cording to the accepted 
LI principles of bath lubrica- 
tion. Experience has indi- 
cated that by reason of the 
comparatively fluid nature 
of the oil used, the lower 
gear should be about half 
subn.erged. In the average 
unit, this will mean that the 
gear case should be from 
one-third to one-half full of oil. 

The viscosity of this oil should normally 
range from 500 to 900 seconds Saybolt at 100 
degrees Fahr. In actual practice one must, 
of course, decide on the most suitable viscosity 
only after careful consideration of the prevail- 
ing motor temperatures and the extent to which 
heat will be transmitted to the gear case or 





ast a 
LD . 


Mounting ring adapter with 
beyonet type joint per- 
mits easy removal of motor. 


By virtue of 





virtually eliminated in this device. 
It is therefore but necessary to be 
assured that the lubricant or lubri- 
cants used are best suited to the 
design and operating conditions. 
From this point on only periodic 
inspection will be necessary, with 
flushing and renewal of lubricant 
should operation have imposed a 
severe load. The frequency of this 
latter should) be decided upon in 
accordance with the builder’s recom- 
mendations and the ability of the 
lubricants to stand up under the 











el 





operating conditions. 


Bearing Design 


Courtesy of Gene ral Electric Company 


Fig. 2—Showing cutaway view of a General Electric geared motor. The oil used in the 
gear housing should have the viscosity of a medium heavy motor oil. 


It is interesting to 


note the relative location of the gears to the driving elements and here again the adapt 


Ball and roller bearings have been 
widely adapted to geared motor in- 
stallations. In some they are lubricated inde- 
pendently from the gear set; in others the one 
lubricant serves all inboard moving parts. 
Where sealed type ball bearings are used a 


ability of the ball bearing to this type of installation. 


developed therein. There will always be a cer- 
tain amount of temperature increase In any 
such installation. Radiation, however, will play 
an important part in preventing abnormal 
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in contrast to the more conventional 
type of chain or belt drive installa- 


seiiesin * , 
f =. . j tion wherein power is transmitted 
7 Sf through face contact of the chain 
SALLI Fes « ; 
fr | ; Y { “S or belt with the sprockets or pulleys. 
NI ; ’ LA The adjustable pulleys are built up 
LN : 5 from a set of opposed conical dises. 
fa Ss, . : } : 
ta . 7S ee’ Speed of the connecting chain or 
oT a r = 2 r | : . ° . 
ant Fa belt is varied by changing the dis- 
| 1 = 2 
ts ze 1-171 —- Tr tance between these dises or, in 
=e: j i - { } * , 
ve other words, by changing the effee- 
et : - NI (6 2222 tive radius of the are over which 
a 2), the chain or belt is moving. Such 
Be Se —SsI 33 i changes can be made under load 
> 4 s without steps and so gradually that 
Ci ‘ jerky motion is entirely eliminated. 
Separation of one pair of — dises 
Courtesy of Feats Brow, 4 Machine ( simultaneously brings together the 
Fig. $—Showing the Foote double-reduction motorized unit with provision for splash . ity ; ‘ 
ibrication, The gears dip into the oil supply in the base of the machine and create opposite palr. As al result, even 
ith Be arings are prov ided wit 


oil seals and oil returns to carry oil back to the base. 


increase in gear case temperatures, 
according to the location. Where 
transmitted and induced tempera- 
tures are not severe, obviously an 
oil of lower viscosity will develop 
less drag and internal power con- 
sumption. This is an important 
factor in calculating the ultimate 
efficiency of any such installation. 


V-BELT AND FLEXIBLE CHAIN 
TRANSMISSIONS 


The variable speed transmission 
of the V-Belt or flexible chain type 
is built either open or enclosed, ac- 
cording to the prospective service 
and the importance of first cost. 
Open type installations are prac- 
ticable where surroundings are com- 
paratively clean. They can, further- 
more, be readily adapted to limited 
space by mounting the motor on a 
platform above the transmission. 
Alignment and belt take-up in such 
a job ean be made by changing the 
location of the motor with respect 
to its base. 

EKnelosed type transmissions, 
wherever the motor forms an in- 
tegral part of the transmission, 
provide for location of the motor 
and unit together in a_ suitable 
housing which effectively reduces 
lubrication troubles, by preventing 
of foreign matter. 


ient agitation to force the oil to all parts of the unit. 
| 


Falk precision 
single helical gears 


type 


though the speed of the driving 
shaft may always be practically as 


Combination air vent 
filling plug and eyebolt 








Head frame—high 
quality grey iron 
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the entry 


Power is transmitted by a 


flexible chain or V-shaped belt which forms the 
connection between the adjustable pulleys. 
Side contact prevails between these elements 


keeps of in 
and dirt out 





n tails } Falk geare¢ | Motored Note that prov n 
I ition year 1s B e of le oil retair 
ikay | want at tre tor end pl nted 


constant as the speed of its driving motor, for 
example, the speed of the driven shaft can be 
increased or deereased by altering the effective 
or driving diameters over which the connecting 
belt or chain is operating. 
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In the V-belt type of drive where smooth 
surface discs are employed, it is normally 
advisable to make speed changes or adjust- 





Giititiy 
taint 











Courtesy of Link-Belt Company 


Fig. 5—Top view of the Link-Belt P.I.V. gear, showing toothed de- 
sign of the wheels and tooth formation of the chain on the minimum 
diameter of a{wheel. The chain used in this type of gear is made up 
of a series of overlapping steel! leaves. The assembly of these leaves 
takes the place of teeth on the inner surface of the chain. Note that 
the teeth of the discs or wheels widen from the center outward toward 
the circumference, being of uniform depth. This entire mechanism is 
designed to run in an oil bath which is retained by a compact cast-iron 
housing. 


ment while the unit is in operation, 
in order to permit the belt to adjust 
itself to the surfaces of the dises. In 
general, whatever the design, such 
changes are made by hand, by 
means of a suitable hand wheel 
located either on the transmission 
itself, or through a suitable crank 
and roller chain connection for 
remote control where the unit is 
installed beyond reach. Provision 
for electric remote control has also 
developed for such service or for 
operation of two or more transmis- 
sions off the same control unit. 


Lubrication 

The types of lubricants which 
should be used in any such trans- 
mission will depend upon the design, 
the pulley or dise construction and the nature 
of the connecting chain or belt. 

Where belts of fabricated rubber, leather or 


Fig. 6 


or wheels. 
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textile materials are used, lubrication is con- 
fined solely to the bearings which support the 
pulley shafts, and take up the thrust developed 
by the lateral pressure of the belts against the 
dises which compose the pulleys. There is no 
necessity for lubricant in the transmission 
case; in fact, the presence of lubricant on the 
face of the pulley dises is decidedly objection- 
able. For this reason, bearing construction 
in the interest of preventing leakage has been 
carefully studied, resulting in the wide-spread 
adoption of the seal-type ball bearing. 
Transmissions involving a flexible steel chain, 
however, require lubrication of the chain 
elements as well as the dise surfaces with which 
the chain is in contact. In such installations, 
a problem of chain as well as bearing lubrica- 
tion is encountered. The problem is readily 
solved by use of a highly refined straight 
mineral oil. This lubricant the 
ball bearings within the housing, which carry 
the wheel shafts and absorb radial and thrust 


also serves 


loads. 
Flexible Chain Requirements 

Bearings in this type of an installation 
require less individual attention than the ball 
bearings in the V-belt transmission designed 
for grease lubrication by pressure gun. The 
same care must be observed, however, in regard 
to periodic flushing, to insure against ac- 
cumulation of non-lubricating foreign matter. 
The primary purpose, of course, is to insure 
continuous and unimpaired rolling motion; 
this can be more successfully accomplished 
when the rolling elements are in proper align- 
ment, with the minimum of deflection under 
load. Lubrication is a distinct aid in this 
regard, 


Courtesy of Reeves Pulley ( 


Phantom view of the Reeves Variable Speed Transmission, showing manner 
of construction of the endless V-belt and its relative position with respect to the p 
It is interesting to note that these belts are made from fabricated cord 
ing sealed in rubber. 


They are, therefore, capable of absorbing considerable shocks 
Lubrication of a ball or roller bearing must 


also be studied with respect to speed and 
temperature. Both may vary widely in power 
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transmission service. Low temperatures may 
lead to decidedly sluggish action in certain 
types of lubricants, with consequent increase 
in power consumption. In service where a 
comparatively fluid lubricant must serve both 
bearings and the parts 


A TION 
the links with the teeth, which are built up on 
the surface of the dises which compose the pul- 
leys. Obviously the frequency of such shocks 
will depend upon the speed of the unit. 

The extent to which shock of this nature 





which compose a_ flexible 
steel chain, it is obvious 
that abnormal drag within 
the lubricant itself may 
seriously affect the power 
transmitting ability of the 
entire unit. The pour test 
of the lubricant, therefore, 
may frequently require care- 
ful consideration, along with 
the viscosity. 

There is usually necessity 
for considerably higher vis- 
cosity in an oil for chain 
lubrication than will be 
required for a ball bearing 
under the same tempera- 
ture conditions. In_ the 














latter, as speeds are in- 
creased, it is practicable 
to lubricate with an oil of 
lower viscosity. Under ex- 
tremely high speeds an oil as low as 100 seconds 
Saybolt at 100 degrees Fahr. has proved to be 
capable of giving adequate protection with a 
minimum of temperature increase. In _ the 
variable speed transmission fortunately speeds 
do not range above normal electric motor 
speed, or in other words, above 4000 r.p.m. For 
such service an oil as low in viscosity as men- 
tioned above would be out of line, both for 
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Courtesy of Link-Belt Ce 


Angle view of the Link-Belt P.LV. Gear, giving complete details of design 
ind showing location of essential ball bearings and provision for lubrication. 


Fig. S 


hearings and chains, the minimum being per- 
haps around 500 seconds Saybolt at 100 de- 
grees Fahr. A heavier oil will give greater pro- 
tection of the pins, bushings and links which 
compose the chain, by its ability to resist the 
shock which is developed by engagement of 


ao P.1.V. WHEEL FACE 
ae SHOE GUIDE 


SS 


CHAIN TIGHTENING 
BRACKET 


CHAIN TIGHTENING 
Ww 


Courtesy of U.S, Electrical Mfg. Co, 


\ phantom view of a U.S. Varidrive Synchrogear motor, showing details of the varibelt 
All ba!l bearings are provided for grease lubrication. 


will be detrimental to lubrication will depend 
upon the load and constancy of operation. 
Rapid repetition upon the contact surfaces of 
the chains may prevent too light an oil from 
remaining between the chain leaves, pins and 
bushings, to result in wear and noisy opera- 
tion. On the other hand, viscosity cannot be 
increased at will, inasmuch as the penetrative 
ability will vary directly with the viscosity or 
relative fluidity of the oil. 

The chief cause of wear in the 
flexible steel chain is bending or 
articulation, just as in the more 
conventional type of chain drive. 
Wear may occur on the parts which 
compose the chain and which move 
with respect to each other, or it 
may develop at the points of con- 
tact between the chain and_ its 
companion pulleys. Splash lubrica- 
tion has been widely adapted to 
overcome this possibility. It has 
proved to be ideally adaptable to 
the oil-tight nature of the housing 
and the normal viscosity of oil which 
must be used to protect both the 
chains and bearings. In_ service, 
mechanism functions in a veritable 
and is thoroughly protected against 


BALL THRUST 
BEARING 


pany 


the entire 
fog of oil 


entry of abrasive foreign matter. When a 
highly refined straight mineral oil is used, 


which is of sufficient body to maintain a pres- 
sure-resisting film and yet so fluid as to pene- 
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trate readily through the chain and bearing method of application, especially when re- drip 
parts, there should be no difficulty from a lubrication is necessary. The builders of to t 
lubricating viewpoint. In continued service, variable speed power transmission units have | fabr 
M 7 largely adopted the pres- © tion 
b nN sure grease gun for ball © Vv 
| [ | 9 bearing lubrication, suitable natl 
| Q eres — iu i fittings for attachment. of oper 
| a, Li i nig same being located on the ther 
é ae <a ' om er ; bearing housing or con- ofte 
® © : 43! @h , | | | AX > nected thereto. This method in 4 
She. 3B | | (SH of pressure lubrication is lack 
i bc |] | Ps | 20°00 » Qe 4] ; y 
| | .¢ | =] Ac) - | accepted as being highly othe 
| | OL ENS __| efficient in protecting bear- run 
| | | “ LAS | ings capable of retaining a a gr 
| - | bc 1 | ies > | grease charge without leak- © this 
A, lo) “6 f op B 1 ies | age. Unfortunately, how- vate 
by et | ees sa we c: WY ay ° 
IC ) | SHA, ever, entirely too much also 
ee PCR SCORING SESRIE EOE He a ait grease can be foreed into som 
T"] E the bearing housing if the For 
| | pressure gun 1s not care- shot 
L. fully handled. cate 
+ . . ° 
“ Courtesy of Reeves Pulley Company It - pte ident that this cath 
Fig. 9 Lubrication chart of the Reeves Enclosed Transmission. \) indicates two lubricators for may readily lead to over- and 
the thrust bearing nearest to the shifting serew. (B) shows two lubricators for the thrust bearing wating CNet: r qt 
farthest from the shifting serew. () shows two lubricators for the frame bearing nearest the shift. he “— hg i ws . a = 
nye Screw 1)) shows two lubricators for the frame bearing farthest from this latter. (EF) indicates grease 1s too heavy. Sue i 
four Jubricators for the dise hub; both dises on the same shaft may be lubricated from either aa “f = : | Be: aa | ’ Bi wine imp 
necessal Phis installation requires lubrication with a high grade low torque grease. over eating 1s vrought about pure 
cats, by excessive internal fric- ucts 
however, or when the transmission is operating tion within the lubricant itself. With certain basi 
‘ ° ; , ak ; : ; z . as 
under moisture, chemical or dust conditions, types of grease, abnormal increase in tempera- sary 
periodic cleaning 1s a with ture may cause sufficient decrease in body to men 
recommended practice of the builders. result in separation of the oil from the soap, en 
Grease Lubricated Ball ‘api 





Bearings ~~ 
Ball bearings used in connection ws 
with V-belt transmissions are pro- ia 
vided with means for pressure grease 
lubrication. Their construction also . 


includes suitable sealing media to 
prevent leakage of grease and the 
possibility of contact with the 
power transmitting surfaces of the 
belts. Grease, in itself, is also an 
effective sealing medium provided 
it is of a comparatively heavy body. 
In a device such as the variable 
speed transmission, however, it is 
best to rely on mechanical means of 
sealing the bearings, for heavy 
greases are prone to lead to ab- 
normal power consumption. — For 
this reason, a grease of low torque 
characteristics and medium con- 

Fig. 10—The Link-Belt P.I.V. Gear with cover raised showing compactness of des 


sistency, which IS capable ot tunc- and safety, due to all parts being fully housed. The design of this mechanism Vo 


tioning under comparatively high for lubrication of all parts with a high grade straight mineral lubricating oil, which will 
ts possess adequate fluidity at the operating temperature to enable operation with min 
temperat ures, has been regarded as mum power consumption and afford positive protection of all wearing elements. Le 


best suited to the service involved. 

















Courtesy of Link-Belt Company 





) thereby causing marked reduction in lubri- Fig 
Pressure Gun Operation : showi 
cating \ si and loss of oil by leakage if the hie! 

A most important item in the maintenance of — bearing is not oil-sealed. In the variable speed nel 
vrease-lubricated ball bearings concerns the transmission, this might also result in oil J steas 
sumpt 
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dripping or being thrown on 
to the V-belt to impair the 
fabric and reduce the trac- 
tion effect on the pulleys. 
Where bearings of this 
nature are exposed so that 
operators may safely feel of 
them, the conclusion may 
often be drawn that increase yy 
in temperature is due to 
lack of lubrication. On the 
other hand, where a bearing 
runs warm due to too heavy 
a grease, addition of more of 
this latter will only aggra- 
rate conditions. There will 
also be the danger of forcing 
some grease past the seals. 
For this reason, operators 
should be carefully edu- 
‘ated in regard to the lubri- 
cating requirements of ball 
and roller bearings, just as 





L 
the management should be 
impressed with the folly of { 
purchasing unsuitable prod- kK J ‘ ee: ee 
. : ourte f Sterling Electric Motors, In 

ucts, ofte n on a& price Fig. 11—Details of the Sterling enclosed type Vari-Speed Motor Chis instailation gives infinite 
basis. It 1S especially neces- speed variation. \) indicates high pressure lubrication fitting for pulleys and bearings; (B) Sterling 

» : standard Slo-Speed and Hi-Speed gear unit; (C) shows rigid shaft sub-assembly with heavy wide 
sary for the operator to re- spaced ball bearings to insure permanent alignment; (D) indicates the moveable pulley faces; (E) 

» > ‘ art re 7 fixed halves of these pulleys keved to the shafts. Speed variation 1s obtained by moving one side as 

me mbe r that he al Ings ol F) to change the belt operating diameters G) is a radial thrust ball bearing H indicates a heat 
this type have but a limited treated sprocket chain shows rust proof metal sliding surfaces used in both pulleys; these are 

: pressure lubricated; (K) the hand wheel for change of speed operation; (L) indicates driving motor, 


‘apacity for grease, which gna 
should never be exceeded. 
Unfortunately, there is no direct method by 
which application of grease to anti-friction 
bearings can be controlled. 


























Courtesy of Reeves Pulley Compan 


Fig. 12—Sectional view of the Reeves Dise and Thrust Bearing 
showing provision for distribution of lubricant and means of application 
It is highly essential that the grease used in these bearings be capable 
of resisting separation or oxidation. It should not be too heavy a prod 
uct otherwise it may resist complete distribution. A low torque 
grease is highly advantageous in the interests of reduced power con 
sumption. 


t 


Certain types of 


the housing which protects the belt and operating mechanism. 


bearings, however, can be vented to reduce 
the possibility of imposing the full pressure of 
the lubricating equipment upon the seals; 
these latter must of course be maintained in 
suitable condition with respect to the housing 
if they are to positively prevent leakage of 
lubricant under continuous operation. 


Selection of the Lubricant 


Authorities are agreed that grease for ball or 
roller bearing lubrication must be practically 
free from acid-forming tendencies if positive 
protection of the highly polished metallic 
surfaces is to be maintained. This necessitates 
a virtually neutral product and one which 
contains no fillers. The grease must also show 
minimum tendency towards oxidation, decom- 
position, separation and development of free 
acidity, otherwise corrosion or pitting of the 
surfaces of the rolling elements may result. 
For bearing lubrication in electric motor or 
variable speed transmission service, a grease 
compounded from a medium viscosity, highly 
refined, straight mineral oil and a soap which is 
suitable to comparatively high temperature 
service will give lowest starting and operating 
torque and best assurance against separation 
and oxidation. 
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overhauling the unit with costly 
replacement of wheel bearings, chain 
The extent 
to which the ball bearing has been 
adopted renders thoughtful study 
of lubrication all the more import- 
ant, for use of unsuitable greases 
which may tend to oxidize will 
seriously impair the free motion of 
the rolling clements and lead to 
abrasion or even sticking of the 
bearings. The use of very finely 
designed chain mechanisms in the 
flexible chain transmission, in turn, 


links and other parts. 








Courtesy of U. S. Electrical Mfg. Co. 
Phantom view of U. S. Synchrogear installation, wherein bearings are pro 


Fig. 13 


vided for grease lubrication, the gears being oil lubricated. 
Where the larger gear is above the pinion, 
a slinger is provided which throws oil over both the gears and bearing. 


below the pinion the gears dip into the oil. 


CONCLUSION 


The foregoing discussion of the mechanical 
type of variable speed transmission has been 


presented for the purpose of em- 
phasizing the fact that lubrication 
is one of the salient features in- 
volved in the successful and econo- 
mical transmission of power with 
the minimum cost of maintenance. 
Too often has the impression been 
gained in the operation of such 
devices that lubrication is relatively 
unimportant, due to the fact that 
they will operate with apparent 
under most severe condi- 
Unless lubrication is main- 


success 
tions. 

tained, however, with oil or grease 
adapted to the design, and capable 
of resisting oxidation and sludge 
formation, wear may be developing 
unknown to the operator.  Ulti- 
mately this wear will necessitate 


calls for use of a most carefully 
refined oil and study of viscosity 
with due regard to the operating 
temperatures. The progressive oper- 
ator fully realizes that this will insure against 
premature breakdown and the possibility of 
serious damage. 


Where the larger gear is 





Courtesy of Reeves Pulley Company 


Fig. 14—Showing the lubricating system of the Reeves Variable Speed Transmission 
Heavy black lines indicate means of lubricant transmission from point of application 
outside of the case. All operating parts are mounted on ball bearings which are kept 
supplied with fresh, clean lubricant at all times. Centralized lubrication ot this nature 
is an assurance against entry of dust and imperfect functioning of the mechanism. 
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Thin Oil Film Lubrication 


So far, in this series of articles we have con- 
sidered the question of what happens at the 
contact faces of metals rubbing together with a 
very thin film of lubricant between them. We 
have seen that when the film is about 10 
molecules thick, we are in the boundary 
region, where the laws of ordinary fluid lubrica- 
tion no longer apply. On passing from the fluid 
film to the boundary film region, the frictional 
resistance to motion increases abruptly to a 
relatively high value, and at the same time a 
new effect is introduced, corresponding some- 
what to the yield point in plastic flow. If an 
attempt be made to slide one metal surface 
over the other, it is necessary to apply a 
definite force before it will move at all, whereas 
if the oil film is thick enough to be described 
as a fluid film, the slightest applied force will 
cause relative movement. 

The question we are now to consider is 
what happens at surfaces in contact when there 
is absolutely no oil film present between them. 


WHAT IS A CLEAN SURFACE? 


Absolute cleanliness is an ideal to aim at, 
but an extremely difficult one to realize. It 
means in effect the complete absence of any 
foreign material whatsoever, and is a term 
reserved almost exclusively to describe the 
condition of the surface of a body, rather than 
its volume purity. For instance, it is possible 
to distill water to a high state of purity, but 
quite difficult to maintain a clean surface on 
water exposed to the ordinary atmosphere of a 
room. After a short time, a film of greasy 
matter will form on the water surface, forming 
an adsorbed layer, possibly only a molecule 
thick, but quite sufficient to modify very 
radically the physical state of the free surface. 

An oxidized metal such as iron is extremely 
difficult to clean, since in an ordinary atmos- 
phere containing water vapor and oxygen, a 
film of oxide will form on the oil-free surface 
almost instantaneously. If it were possible 
to produce a clean surface on iron, it could be 
easily wet by mercury. It is stated in the 
literature that if a rod of steel be broken be- 
neath the surface of pure mercury, the frac- 
tured surfaces become amalgamated, proving 
the state of absolute cleanliness of the newly 
exposed metal surfaces. 

In general, the water wetting test is a useful 
and simple way of proving whether a surface 
is free from oil. If a surface, say of glass or 
steel, carries a film of oil even as thin as one 
molecule, and is then flooded with water, and 
shaken, the water will run off, leaving the 
surface apparently dry. But if an adherent 


film of water remains, it proves that the surface 
is relatively free from oil or grease. 

An exceedingly interesting experiment can 
be performed which shows very strikingly the 





Showing effect of absolute cleanliness. Glass slider adhering 


Fig. 1 
to vertical glass surface. 


effect of entire absence of any contaminant on 
a glass surface. A sheet of plate glass and a 
glass slider in the form of a low tripod are 
required. Both are made absolutely clean, and 
the most efficient method of doing this is by 
the use of a mixture of concentrated nitric 
acid, and alcohol. A very violent reaction 
starts a few seconds after these materials are 
mixed, and nitric peroxide is formed in great 
quantity. Complete oxidation of oil and organ- 
ic matter present on the surfaces takes place, 
and after thorough washing with water and 
natural drying by evaporation, the glass plate 
and slider are clean in the absolute sense of the 
term. This can be proved by the tilting test. 
The slider is picked up by forceps, care being 
taken not to allow the working surfaces of the 
tripod legs to touch anything whatsoever except 
the clean surface of the glass plate on which 
the slider is placed. The plate is then tilted 
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about one edge, and it will be found possible 
to raise it to a vertical position as is illus- 
trated in Fig. 1, without any slip taking place. 

Since the angle of tilt is now 90 degrees, the 





Fig. 2—Glass plate about 15 degrees over vertical, with slider still adhering to surface. 


coefficient of static friction is infinite, which 
means in effect that the slider feet are adhering 
to the plate surface, since pressure due to the 
weight of the slider is obviously zero. Irving 
Langmuir in 1922 described this experiment, 
reaching an angle of tilt of 90 degrees before 
the slider slipped. He used for his cleaning 
agent either fuming sulfuric acid, or a mixture 
of sulfuric and chromic acid. It happens, 
however, that the mixture of concentrated 
nitric acid and alcohol used in the experiment 
here described is more efficient, as it has been 
found possible to tilt the plate beyond 90 de- 
grees as is shown in Fig. 2.. There is obviously 
very complete adhesion between the glass 
surfaces in contact, and to show that the force 
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of adhesion exceeds the weight of the slide: 
the plate was turned upside down, without! 
causing the slider to fall. Fig. 3 shows thi 
remarkable result, the beaker of water standin: 


on the plate being used to ori- 


entate the set-up. 

The explanation for what is 
happening is found in a considera- 
tion of the field of foree existing 
at the contact surfaces. In the 
total absence of a third material 
as contaminant, the glass surfaces 
are so close as to come within the 
zone of their mutual fields of 
force. It is known that the in- 
tensity of this field falls off very 
rapidly away from the surface, 
and it is probable that in the 
case described, the molecular 
boundaries of the surfaces of the 
slider contact points, and of the 
plate on which they rest, are 
practically identical. 


CAUSE OF ABRASION OF 
BEARING SURFACES 


If two solid bodies, say two 
pieces of steel, are placed in con- 
tact, one can be moved over the 
other without damage, only if 
they do not touch. If the two 
surfaces are clean, they will 
touch, and any relative motion 
will damage the surface, or will 
cause seizure. Fig. 4 is a photo- 
micrograph to 25 diameters of 
what happened to the surface of a 
piece of clean steel piano wire 
when it was lightly rubbed with 
a similar piece of clean wire. The 
abraded spot seen 
middle of the wire, which looks 
as if it had been produced by a 
file, is exactly typical of ever) 
case of breakdown of lubrication. 

So long as there remains even the ver) 
thinnest oil film on the surfaces of rubbing 
metals, the only wear possible is polish wear, 
which means the slow, smooth removal ol 
surface molecules of metal, resulting in the 
high burnish greatly to be desired in bearings. 

If, however, this ultimate protecting oil 
film is removed, the situation is radically 
changed. When two perfectly clean metals are 
rubbed together they seize, and metal is 
violently dragged deep out of the contacting 
surfaces. This removed metal 
enormous aggregates of molecules, and tli 
process is in striking contrast to the smoot! 
flow of surface molecules which takes place ! 
polish wear. 
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Observation shows that it is from the softer 
of two rubbing surfaces that metal is removed, 
and a considerable proportion of this is welded 
to the harder surface, forming what is virtually 
a collection of cutting tools, which still further 
damages the other surface. The damage done 
by seizure is complete and irreparable, and it is 
obyious that the problem of means to avoid 


Returning now to our original question as to 
the cause of mechanical breakdown of an oil 
film it will be easily seen that the mechanical 
work of friction at the rubbing surfaces provides 
an entirely reasonable explanation. The 
adsorbed oil film is continually being removed, 
and replaced just as rapidly as it is removed, 
by virtue of the forces of attraction between 





Slider adhering to under-side of glass plate. 


Fig. 3 


breakdown of lubrication is one of the first 
importance. 


WHY DOES AN OIL BREAK DOWN? 


We have seen that the normal state of a 
surface is one of contamination, and that it is 
difficult both to clean it, and to keep it clean. 
Further, that such contaminated surfaces when 
brought into contact do not actually touch. 
The only way of making them actually touch 
is to remove the contaminating films. It is 
rather interesting to note that it is impossible 
to remove the last trace of oil from a metal 
surface by means of solvents. Suppose we flood 
the surface of a piece of polished steel with oil, 
and then wash it in several changes of carbon 
tetrachloride, or benzene, or acetone. To all 
outward appearances, all the oil will be re- 
moved by the solvent, but the water wetting 
test will show that a strongly adherent film still 
remains on the surface. 

This adsorbed film, which resists perfectly 
the action of a solvent, is easily removed, how- 
ever, by a simple polishing process. If the steel 
surface is rubbed with a mixture of chromic 
oxide and water, followed by a treatment with 
the dry powder, no trace of oil will remain, as 
can be proved by the water wetting test, or 
by rubbing the cleaned metals together, in 
which case deep scoring will result. 


Force of adhesion is greater than the weight of the slider. 


the free surface of the metal and the oil mole- 
cules. So long as the friction is not excessive, 
the rate of removal of the film does not exceed 
its rate of renewal, but if either the load or the 
speed is increased to a point where the work 
of friction reaches a critical value, clean metal 
contact occurs, with resulting abrasion. 


RELATION OF FILM BREAKDOWN TO 
SURFACE FINISH 


rae ' ; ’ 

This is rather an academic question, since 
oftentimes all that can be done is to delay the 
inevitable breakdown when the destructive 
agencies become too severe. 

If we examine the problem more closely and 
inquire what practical means are available for 
decreasing the risk of breakdown, we find that 
it is a problem involving both the oil and the 
perfection of finish of the metal surfaces. The 
petroleum industry is prepared to furnish lubri- 
cants which will meet satisfactorily every class 
of service, but it is felt that the machinery in- 
dustry has largely overlooked the great gain in 
safety and power saving which follows the use 
of properly run-in rubbing surfaces. 

It has previously been pointed out that the 
most perfect surface which it is possible to pro- 
duce is still very far from being geometrically 
true. It is covered with high spots or plateaus 
above the general level, and these constitute a 
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potential source of danger when the surfaces 
approach very closely. 

One of the most difficult problems of lubrica- 
tion which has developed in the last few years 
is in connection with hypoid gears. Intensity of 
load and speed of rubbing are both high, which 
means that the work dissipated in friction 1s 
also high. In other words, we have high power 
losses and we have wear. Polish wear is desir- 
able, but abrasive wear should be avoided, and 
this constitutes the real problem, Under the 
high loading the oil film between the high spots 
becomes extremely thin. So long as it exists at 
all there can be no clean metal contact, and 
therefore no abrasion, but this state of affairs 
can only continue so long as the rate of re- 
moval of the film does not exceed its rate of 
renewal. 

Extreme pressure lubricants have been ad- 
vocated for use with hypoid gears, but their in- 
herent disadvantages such as thickening, wear 
and corrosion have raised doubts. in many 
quarters as to their desirability in regular 
service. This type of lubricant contains some 
chemically active body such as sulphur. or 
chlorine, which will react with the metal when 
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Showing amount of abrasion produced by lightly rubbing one clean steel wire across another 


the temperature, due to the heat of friction, 
becomes high enough. There is thus produced 
on the rubbing surfaces a tough, resistant film 
of iron sulphide, or iron chloride, which is less 
easily removed than is a film of oil, and in con- 
sequence the margin of safety is considerably 
widened. 

It must be strongly emphasized that the em- 
ployment of an extreme pressure lubricant in 
regular service is an expedient made necessary 
by the condition of the metal surfaces. Were 
these surfaces extremely well burnished, there 
would be little or no need to consider the use of 
a doped lubricant. It is suggested that extreme 
pressure lubricants have their rightful place as 
very valuable materials for the pre-conditioning 
of metal surfaces. The very fact that high loads 
may be used with safety in the running-in oper- 
ations means that ina comparatively short time 
high spots will be polished down, and the sur- 
faces will acquire the extreme burnish so greatly 
to be desired, since it spells both safety and 
lowered power loss. The extreme pressure oil 
is then replaced by an undoped lubricant of a 
viscosity suited to the load which is to be 
‘arried, 
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